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English translation of Japanese Patent Application Laid-open 

Publication No. 07-168857A 
Publication date: July 4, 1995 
Applicant: Fujitsu Limited. 

Title of Invention: Image data collection method for Paper sheet 
handling apparatus 

[Scope of Claim for Patent] 

[Claim 1] An image data collection method for use in a paper 
sheet handling apparatus (1) which reads an image signal of a paper 
sheet (5) , generates predetermined image data, and processes the 
predetermined image data, wherein 

the predetermined image data generated in the paper sheet 
handling apparatus is outputted to the outside in real time (SI) , 
the image data is received (S2) by a data collection apparatus 
(6), and the image data is stored in a collection file (8) on a 
basis that one paper sheet corresponds to one unit (S3) . 
[Claim 2] The image data collection method for use in a paper 
sheet handling apparatus according to claim 1, wherein the paper 
sheet handling apparatus (1) and the data collection apparatus 
(6) are connected to each other by electrically-contactless 
connection means (9) such that, by connecting the data collection 
apparatus to the paper sheet handling apparatus that is in operation, 
the image data of the paper sheet being processed is collected 
in the collection file (8) . 



[Claim 3] Apaper sheet handling apparatus comprising a reading 
unit (2) that reads an image of a paper sheet and an image processing 
unit (3) that performs a predetermined process on an image signal 
having been read, so as to generate predetermined image data, the 

paper sheet handling apparatus comprising: 

a real-time output processing unit (4) that performs a 

process for outputting, in real time, the predetermined image data 

having been generated; and 

a transmission unit (4a) that outputs the image data having 

been outputted, to the outside. 

[Claim 4] A data collection apparatus comprising: a receiving 
unit (7) that recognizes, on a paper sheet (5) basis, image data 
outputted from the paper sheet handling apparatus according to 
claim 3 and receives the image data into a buffer; and a storing 
unit (7a) that stores, in a collection file (8), the image data 
received. 

[Claim 5] A data collection apparatus for use in a paper sheet 
handling apparatus, wherein the paper sheet handling apparatus 
according to claim 3 and the data collection apparatus according 
to claim 4 are connected to each other by electrically-contactless 
connection means (9) . 

[Detailed Description of the Invention] 
[0001] 

[Field of industrial Application] The present invention 



relates to an image data collection method, for use in a paper 
sheet handling apparatus that performs, for example, 
authentication of a paper sheet. 

[0002] For example, a banknote authentication device for use 

in an automated teller machine (ATM) performs authentication by, 
for example, dividing a banknote into small regions, comparing 
image data (tone data) obtained from the small region with 
dictionary data, generating a binarized image from the tone data 
to recognize an outline. 

[0003] In a case where a defect such as authentication failure 

occurs during such paper sheet authentication procedures, a cause 
of the authentication failure can be analyzed if the image data 
that was generated from an image signal of the paper sheet read 
and that was used for the authentication is logged in the apparatus . 
However, in order to log image data of a plurality of paper sheets 
each divided into small regions, a high-capacity memory has to 
be built in the apparatus, which increases the size of the apparatus 
and moreover makes the apparatus expensive. 

[0004] To solve the problem, an external storage device may 

be connected, as needed, to collect data. However, in order to 
prevent malfunction which may be caused by noise generated when 
the external storage device is connected, the operation of the 
ATM has to be stopped. 

[0005] In financial institutions and the like, there is a 

demand for avoiding such stoppage of the operation as much as 

3 



possible. Therefore, it is desired to collect image data by 
connecting an external storage device to an ATM (paper sheet 
handling apparatus) that is in operation, without affecting the 
ATM. 
[0006] 

[Prior Art] FIG. 6 is a diagram illustrating a configuration of 
a paper sheet handling apparatus of a conventional example, and 
FIG. 7 is a diagram illustrating an example of a process performed 
for authentication. FIG. 6 illustrates an exemplary 
configuration of a banknote authentication device for use in an 
ATM, as an example of the paper sheet handling apparatus. 

[0007] in FIG. 6, an optical sensor 51 has a plurality of 

light transparent sensors arranged in a line, and each of the light 
transmissive sensors has a light emitter and a light receiver in 
a pair. When an insertion sensor 61 detects that a paper sheet 
50 being transported in the X direction as shown in the drawing 
is inserted into the optical sensor 51, a sensor control unit 52, 
which is actuated by a processor 54, causes a plurality of light 
emitters to scan, emit a light to, and irradiate the paper sheet 
50, and causes light receivers to receive the respective 
transmitted lights. 

[0008] As a result, the light receiver receives an image 

signal (including an image of the paper sheet 50) for each small 
region (pixel) in a predetermined area which is defined based on 
the width of the optical sensor 11, the number of times sampling 



is performed in the direction X, a transportation rate, and the 
like . 

[0009] in FIG. 7, serial pixel data are shown as an image. 

The image signal received by the light receiver is amplified by 
an amplifier unit 53, converted by an A/D convertor unit 55 into 
a digital signal [FIG. 7 (a) ] , and then subjected to normalization 
(such as coordinate transformation, brightness correction, and 
the like) [FIG. 7(b)] by an image processing unit 57. Then, by 
a dictionary comparison unit 58, the obtained image signal is 
compared with dictionary data 59 [FIG. 7 (c) ] prepared in advance, 
to be used for comparison and identification of a pattern, and 
thelike. Inaddition, in the image processing unit 57, abinarized 
image [FIG. 7 (d) ] is generated and a process such as normalization 
[FIG. 7(e)] is performed thereon. Then, an outline identifying 
unit 60 uses the binarized image to identify a kind of the paper 
sheet and to perform authentication of the paper sheet, based on 
the size and the like. 

[° 01 °] Inaddition, authentication is performedby amagnetic 

sensor, the thickness of the paper sheet is detected by a thickness 
sensor, partial defection of the paper sheet and spliced sheets 
are detected by image data being added up in the widthwise direction 
thereof and in the lengthwise direction thereof, and the like. 
[0011] 

[Problems to be Solved by the Invention] As described above, 
for performing authentication of a paper sheet, the paper sheet 
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is divided into small regions, and an image signal indicative of 
the amount of light transmission and the like is received by an 
optical sensor, to generate tone data and binarized data from the 
image signal as well as to perform predetermined image processing 
thereon for detecting an defected sheet, spliced sheets, and the 
like. At the same time, data are read by a magnetic sensor, a 
thickness sensor, and the like, and used for authentication. 
[0012] In this manner, recognition accuracy is improved by 

performing authentication based on a large amount of image data. 
However, recognition failure may occur for some reason. The 
recognition failure can be analyzed by analyzing the image data 
used for the recongition. For this purpose, the data have to be 
logged. 

[0013] However, since a large amount of banknotes are inserted 

in an ATM, a high-capacity log memory is required. Thus, there 
is a limit to logging within the apparatus. It is therefore 
conceivable to collect log data in an external storage device. 
However, even with this approach, an external storage device needs 
to be connected to each apparatus, particularly because there is 
a demand -for avoiding stoppage of the operation of an ATM as much 
as possible. 

[0014] In view of the above problem, an object of the present 

invention is to provide an image data collection method for use 
in a paper sheet handling apparatus, which allows a data collection 
apparatus to, as needed, connect to the paper sheet handling 
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apparatus that is in operation. 
[0015] 

[Solution to the Problems] To solve the above-described 
problem, as shown in FIG . 1 illustrating the principle of the present 
invention, 

( 1 ) an image data collectionmethod for use in a paper sheet handling 
apparatus, according to the present invention, is an image data 
collection method for use in a paper sheet handling apparatus 1 
which reads an image signal of a paper sheet 5, generates 
predetermined image data, and processes the predetermined image 
data, wherein the predetermined image data generated in the paper 
sheet handling apparatus 1 is outputted to the outside in real 
time (SI), the image data is received by a data collection apparatus 
6 (S2), and the image data is stored in a collection file 8 on 
a basis that one paper sheet corresponds to one unit (S3) . 

(2) In the method based on (1) described above, the paper sheet 
handling apparatus 1 and the data collection apparatus 6 are 
connected to each other by electrically-contactless connection 
means 9 such that, by connecting the data collection apparatus 
6 to the paper sheet handling apparatus 1 that is in operation, 
the image data of the paper sheet 5 being processed is collected 
in the collection file 8. 

(3) To realize the method based on (1) described above, in a paper 
sheet handling apparatus comprising a reading unit 2 that reads 
an image of a paper sheet and an image processing unit 3 that performs 
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a predetermined process on an image signal having been read, so 
as to generate predetermined image data, the paper sheet handling 
apparatus comprises: a real-time output processing unit 4 that 
performs a process for outputting, in real time, the predetermined 
image data having been generated; and a transmission unit (4a) 
that outputs the image data having been outputted, to the outside. 

(4) To realize the method based on (1) described above, the data 
collection apparatus 6 is configured to comprise : a receiving unit 
7 that recognizes, on a paper sheet 5 basis, image data outputted 
from the paper sheet handling apparatus 1 and receives the image 
data into abuffer; and a storing unit 7a that stores, in a collection 
file 8, the image data received. 

(5) The paper sheet handling apparatus 1 and the data collection 

apparatus 6 are connected to each other by electrically-contactless 
connection means 9. 

[0016] 

[Operation] A paper sheet handling apparatus 1 outputs 
predetermined image data (image data to be collected; hereinafter 
referred to as collection data) which is generated from an image 
signal read from a paper sheet 5, in real time, that is, at a time 
when image data of a paper sheet being processed is generated. 
A data collection apparatus 6 receives the image data, and stores 
the image data in a collection file 8 on a basis that one paper 
sheet corresponds to one unit. 

[0017] At this time, if the paper sheet handling apparatus 
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1 and the data collection apparatus 6 are connected to each other 
by electrically-contactless connection means 9 such as an optical 
cable, the data collection apparatus 6 can, at anytime, be connected 
to the paper sheet handling apparatus 1 that is in operation, without 
generating noise or the like, so that the image data of the paper 
sheet 5 being processed can be collected at that time. 
[0018] Therefore, a portable device can be adopted as the 

data collection apparatus 6. In the paper sheet handling apparatus 
1 for realizing the above-described data collection method, image 
data to be collected, which has been generatedby an image processing 
unit 3 from signal read by a reading unit 2 , is processed for 
output by a real-time output processing unit 4 at a time when the 
image data is generated, and outputted to the outside by a 
transmission unit 4a. 

[0019] On the other hand, in the data collection apparatus 

6, a receiving unit 7 recognizes, for each paper sheet 5, image 
data constantly outputted from the paper sheet handling apparatus 
1, and receives the image data into a buffer. A storing unit 7a 
stores the image data received, in the collection file 8. 
[0020] As described above, the data collection apparatus 6 

can, at any point of time, be connected to the paper sheet handling 
apparatus 1 that is in operation, without electrically affecting 
the paper sheet handling apparatus 1. Thereby, the image data 
of the paper sheet can be collected and used for analysis for 
processing failure or the like. 
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[0021] 

[Description of embodiments] FIG. 2 is a diagram illustrating 
a configuration of a first example, FIG. 3 is a flow chart showing 
an operation according to the first example, FIG. 4 is a diagram 
illustrating a configuration of a second example, and FIG. 5 is 
a flow chart showing an operation according to the second example. 
[0022] In these examples, a laptop personal computer is 

adopted as a portable data collection apparatus, and an interface 
board (corresponding to the receiving unit 7) for data collection 
is provided in an expansion slot of the laptop personal computer. 
Here, a disk unit serving as a collection file may be built in 
the personal computer, or may be a disk unit connectable to the 
personal computer. 

[0023] (First Example) Referring to FIG. 2 and FIG. 3, 

in the first example, an example where data collection is performed 
based on a program mode by a processor unit, CPU, is described. 
[0024] In FIG. 2, the reference numeral 10 denotes a paper 

sheet handling apparatus for which data collection is performed, 
the reference numeral 25 denotes a laptop personal computer, the 
reference numeral 20 denotes an I/F board which is mounted to the 
expansion slot of the laptop personal computer so as to receive 
collection data, and the reference numeral 2 6 denotes a disk unit 
which is connected to the laptop personal computer so as to store 
the collection data therein. 

[0025] The paper sheet handling apparatus 10 is similar to 

10 



the paper sheet handling apparatus for banknote recognition shown 
in FIG. 6. When the paper sheet 5 is inserted, an image signal 
sampled is obtained from an optical sensor unit 12. The image 
signal is converted into a digital signal by an A/D convertor unit 
11. Then, image data having been subjected to normalization, 
brightness correction, binarization, and the like as shown in FIG. 
7 are generated by an image processing unit 13, and separately 
stored in a memory 14. 

[0026] Image data to be collected as a unit is on a read region 

basis, as shown in FIG. 7 (e) . Therefore, the amount of image data 
as one unit does not depend on the size of the paper sheet 5. 
Similarly, data from the magnetic sensor and data from the thickness 
sensor, which are not shown, are also stored in the memory 14. 
[0027] In response to a command from a processor 17, the image 

data (collection data) to be collected, which are stored in the 
memory 14, are read by a real-time output processing unit 15 (which, 
together with an optical cable IF unit 16, forms a transmission 
unit 4), and outputted to the outside via the optical cable IF 
unit 16. 

[0028] Here, the real-time output processing unit 15 and the 

optical cable IF unit 16 are connected to each other by the RS232C 
interface standard, for example. The image data read from the 
memory 14 is converted into 8-bits (1 byte) serial data by the 
real-time output processing unit 15 and, as shown in FIG. 2, a 
start bit and a stop bit are added thereto. Then, the image data 



are passed to the optical cable IF unit 16. Thus, the optical 
cable IF unit 16 converts this electrical signal into an optical 
signal, and outputs the optical signal. 

[0029] Each time the paper sheet 5 is read, the image data 

(collection data) is constantly outputted in real time, 
irrespective of whether the optical cable 30 is connected or not. 
The amount of image data per paper sheet 5 is set to a fixed amount, 
such as 2K bytes. An identification code is included in a header 
part of the image data, to indicate the head of an image data stream 
for each paper sheet. 

[0030] An I/F board 20 (corresponding to the receiving unit 

7) is mounted to the expansion slot included in the laptop personal 
computer 25. The I/F board 20 has a receiving function for 
receiving collection data corresponding to at least one paper sheet, 
which here is collection data of 2K bytes following the detected 
identification code, and then giving notification to and passing 
the collection data to the laptop personal computer 25. The 
expansion slot is connected to a not-shown processor of the laptop 
personal computer 25 by a common bus . The I/F board 20 is accessed 
by this processor. 

[0031] Here, the reference numeral 21 denotes an optical cable 

IF unit which receives the optical signal outputted via the optical 
cable 30, converts the optical signal into an electrical signal, 
andpasses the collection data, which has been converted into serial 
data, to a processor unit CPU 22, based on the RS232C interface 
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standard. 

[0032] The CPU 22 is provided with, for example, an RS232C 

interface unit and a communication unit having a function for 
converting serial data into parallel data, and the like. The 
processor included in the CPU 22 reads the parallel data and stores 
the parallel data in an FIFO memory 24. 

[0033] The reference numeral 24 denotes an FIFO memory which 

is provided with an addressing mechanism having a write address 
counter and a read address counter for example. When write-in 
from the processor is performed, the write address counter counts 
up. When read-out is performed, the read address counter, for 
each read-out, counts up from a write start address. The FIFO 
memory 24 has a memory capacity equal to or greater than the amount 
of data corresponding to at least one paper sheet, which here is 
a memory capacity equal to or greater than 2K bytes. 
[0034] The reference numeral 23 denotes a 2-port RAM which 

is asynchronously accessed by both of the CPU 22 and the laptop 
personal computer 25. In the 2-port RAM, a wait number region 
is set. In the wait number region, W, which represents the number 
of paper sheets of which the data have been received by the FIFO 
memory 24, is stored. That is, each time data corresponding to 
one paper sheet is received by the FIFO memory 24, the CPU 22 
increments, by one, the content W of the wait number region. Each 
time the laptop personal computer 25 reads, from the FIFO memory 
24, data corresponding to one paper sheet, the CPU 22 decrements, 



by one, the content W of the wait number region. In this manner, 
a data collection process is managed. 

[0035] The laptop personal computer 25, to which the I/F board 

20 configured as above and the disk unit 26 are connected, is 
connected to the paper sheet handling apparatus 10 by the optical 
cable 30 . The time to connect may be when the paper sheet handling 
apparatus 10 is in operation (performing authentication of the 
paper sheet), when the paper sheet handling apparatus 10 is in 
the hot-standby state, or when the paper sheet handling apparatus 
10 is in the power-off state. 

[0036] As described hereinafter, through an operation shown 

in FIG. 3, collection data of the paper sheet 5 being processed 
is collected in the disk unit 26. 

(1) When, through an RXD input (communication unit input) in the 
CPU 22, the start bit of the serial data is detected, the serial 
data received is converted into parallel data, and analyzed by 
the processor of the CPU 22. 

(2) When the identification code is detected, 

(3) the CPU 22 starts collection, and stores, in the FIFO memory 
24, the received data following the identification code, as 
collection data. Then, the number of bytes stored is counted. 
When data of 2K bytes, which is data corresponding to one paper 
sheet, is stored in the FIFO memory 24, 

(4) the CPU 22 sets the value W to W+l, where the value W is stored 
in the wait number region in the 2-port RAM 23. 

14 



(5) On the other hand, the laptop personal computer 25 constantly 
monitors the wait number region. When W>1 is satisfied, the laptop 
personal computer 25 reads data from the FIFO memory 24 in the 
order in which the data have been stored, and stores the data in 
the disk unit 26. Then, the laptop personal computer 25 sets the 
value W to W-l. When W=0 is satisfied, the laptop personal computer 
25 does not read data from the FIFO memory 24. 
[0037] As described above, the data collection apparatus 

including the I/F board 20 in addition to the laptop personal 
computer 25 is connected, by the optical cable 30, to the paper 
sheet handling apparatus 10, at any point of time. Thereby, image 
data beingprocessed can be collected in real time without affecting 
the paper sheet handling apparatus 10. 
[0038] (Second Example) See FIG. 4 and FIG. 5 

FIG. 4 illustrates an example where an I/F board 40 (corresponding 
to the receiving unit 7) is configured as hardware. Therefore, 
as compared with the first example, collection can be performed 
at a higher speed. The paper sheet handling apparatus 10 has the 
same configuration as described for the first example. 
[0039] In the I/Fboard 40 shown in FIG. 4, when a communication 

unit 43 receives serial data and detects a start bit, the 
communication unit 43 converts 8-bits data subsequent thereto into 
parallel data, and outputs the parallel data. A write-in unit 
44 analyzes the data which is outputted from the communication 
unit 43 and which corresponds to predetermined consecutive bytes. 
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Once the write-in unit 44 recognizes an identification code 
representing a head of collection data, the write-in unit 44 
generates a write-in signal WCK and stores data thereof in an FIFO 
memory 4 6 in response to every output of parallel data subsequent 
to the head. At this time, a write address counter of the FIFO 
memory 4 6 counts up at every write-in, which is not shown. 
[0040] The reference numeral 42 denotes a CPU which, when 

notified by the write-in unit 44 that writing-in of data 
corresponding to one paper sheet is completed, sets a value stored 
in a wait number region to W+l. As for other reference numerals, 
the same reference numerals as those in the first example denote 
the same components as those in the first example, respectively. 
[0041] In the above-described configuration, the following 

operation is performed. 

(1) Each time a start bit is detected, the communication unit 43 
converts serial data into parallel data, and notifies the write-in 
unit 44 thereof. 

(2) When the write-in unit 44 detects a head of collection data 
based on contents of a predetermined byte, the write-in unit 44 
writes data of bytes subsequent to the head, in the FIFO memory 
46. 

(3) When writing-in of data corresponding to one paper is completed, 
the write-in unit 44 notifies a CPU 42 of the completion. 

(4) Thus, the CPU 42 sets the value W to W+l. 

(5) On the other hand, the laptop personal computer 25 constantly 

16 



monitors contents of a 2-port RAM 45. When W>1 is satisfied, the 
laptop personal computer 25 reads contents of the FIFO memory 46 
from the head thereof, and stores the contents in the disk unit 
26. 

[0042 J In the above-described manner, the image data 

generated from the paper sheet 5 being processed in the paper sheet 
handling apparatus 10 is collected in the disk unit 26 in real 
time. As described above, the paper sheet handling apparatus 10 
constantly outputs image data of a paper sheet being processed, 
and the data collection apparatus is connected to the paper sheet 
handling apparatus 10 by using the optical cable 30, so that data 
in the paper sheet handling apparatus 10 can be collected at any 
point of time, without stopping the operation of the paper sheet 
handling apparatus 10 for the purpose of data collection. 
[0043] A data collection method by the data collection 

apparatus, data format, and the like are not limited to those in 
the examples. Moreover, the optical cable 30, which serves as 
communication means, may be replaced with contactless one using 
radio communication or the like. 
[0044] 

[Effect of the Invention] As described above, according to 
the present invention, the paper sheet handling apparatus 10 and 
the data collection apparatus are connected to each other by the 
electrically-contactless connection means, such as optical 
communication, so that image data of the paper sheet being processed 



is collected. Therefore, at any point of time, the data collection 
apparatus can be connected to the paper sheet handling apparatus 
10 to collect image data. Thus, a large amount of image data can 
be collected without stopping the operation of the paper sheet 
handling apparatus 10. 

[Brief Description of the Drawings] 
[FIG. 1] A diagram showing principle of the present invention. 
[FIG. 2] A block diagram showing the first embodiment. 
[FIG. 3] An operational flowchart of the first embodiment. 
[FIG. 4] A block diagram showing the second embodiment. 
[FIG. 5] An operational flowchart of the second embodiment. 
[FIG. 6] A block diagram of a conventional example of a paper 

sheet handling device 

[FIG. 7] A diagram illustrating an example of recognition 
process . 



[Description of the Reference Characters] 

1 paper sheet handling device 

2 reading unit 
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3 image processing unit 

4 real-time output processing unit 
4a transmission unit 

5 paper sheet 

6 data collecting unit 

7 receiving unit 
7a storing unit 

8 collection file 

9 connecting means 

10 paper sheet handling device 

11 A/D converter 

12 optical sensor unit 

13 image processing unit 

14 memory 

15 real-time output processing unit 

16 optical fiber cable IF unit 

17 processor 

20 I/F board 

21 optical fiber cable IF unit 

22 processor unit CPU 

23 2-port RAM 

24 FIFO memory 

25 laptop computer 

26 disk unit 

30 optical cable 

40 I/F board 

41 optical fiber cable IF unit 

42 processor unit CPU 

43 communication unit 

44 write-in unit 

45 2-port RAM 

46 FIFO memory 
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50 paper sheet 

51 optical sensor 

52 sensor controlling unit 

53 amplifier 

54 processor 

55 A/D converter 

56 memory 

57 image processing unit 

58 dictionary comparison unit 

59 dictionary data 

60 outline identifying unit 
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List of Reference Numerals of Fig.l 
1 paper sheet handling device 

2 reading unit 

3 image processing unit 

4 real-time output processing unit 
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4a transmission unit 

5 paper sheet 

6 data collecting unit 

7 receiving unit 
7a storing unit 

8 collection file 



Fig. 2 
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List of Reference Numerals of Fig. 2 

10 paper sheet handling device 

11 A/D converter 

12 optical sensor unit 

13 image processing unit 

14 memory 

15 real-time output processing unit 

16 optical fiber cable IF unit 

17 processor 

20 I/F board 

21 optical fiber cable IF unit 

22 processor unit CPU 

23 2-port RAM 

24 FIFO memory 
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25 laptop computer 

26 disk unit 

30 optical cable 

Fig. 3 

Operational Flow chart 
of Example 1 

(1) Has a start bit been 
detected? 

(2) Is it the head of 
collection data ? 

( 3 ) CPU writes the data in 
a FIFO memory. 

Has CPU written data for 
1 byte? 

(4) Has CPU written data 
for one sheet? 

CPU sets W+l (waiting 
number of sheets) to W in 
dual port RAM. 

(5) Lap top computer 
always monitors the 
value of waiting number 
of sheets W. 



Is W is equal to or greater than 1? 

CPU stores the data in the disc unit and set W-l to W. 



Fig. 6 
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List of Reference Numerals of Fig. 6 

50 paper sheet 

51 optical sensor 

52 sensor controlling unit 
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53 amplifier 

54 processor 

55 A/D converter 

56 memory 

57 image processing unit 

58 dictionary comparison unit 

59 dictionary data 

60 outline identifying unit 

Fig. 4 
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List of Reference Numerals of Fig. 4 
5 paper sheet 

10 paper sheet handling device 

14 memory 

15 real-time output processing unit 
1625 laptop computer 

26 disk unit 

optical cable 
I/F board 

optical fiber cable IF unit 
processor unit CPU 
communication unit 
write-in unit 
45 2-port RAM 
4 6 FIFO memory 
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(1) Has a start bit been 
detected? 

(2) Is it theheadof collection 
data? 

(2) Write-in unit generates 
write clock and write data in 
FIFO memory. 

Has CPU written data for one 
byte? 

(3) Has data for one sheet been 
written? 

The completion of receiving 
data for one sheet is notified 
to CPU. 

(4) CPU set W+l to W (W is the 
waiting number of sheets in 



dual port RAM) . 

(5) Lap top computer always monitors the number of waiting sheets. 
Is W equal to or greater than 1? 

CPU stores the data into the disk unit and sets W-l to W. 
Fig. 6 

A figure illustrating an example of a process performed in 
identifying a bill 
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(a) image right after (d) Binarized image 

data collection 




Coordinate transformation 
Coordinate transformation Brightness correction 

Brightness correction 



(C) Image data after Normalization 
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(e) Normalized and binarized image 
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